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[5 7] ABSTRACT 

A ?uid transfer membrane comprising a thin-walled 
permeable polymeric ?lm having a plurality of ?rst or 
ifices circumscribed by the inner surfaces of oblong 
shaped portions of said ?lm and by outer surfaces of 
connecting portions joining said oblong shaped por 
tions and having a plurality of second ori?ces circum 
scribed by the outer surface of said oblong shaped 
portions and by the inner surfaces of connecting por 
tions of said ?lm joining said oblong shaped portions 
at both ends thereof. This ?uid transfer membrane is a 
useful in chemical, biomedical and pharmaceutical 
fluid transfer operations. 

4 Claims, 2 Drawing Figures 
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FLUID TRANSFER MEMBRANE USE THEREOF 
AND METHOD OF MANUFACTURE THEREFOR 

This invention-relates to a permeable membrane hav 
ing two pluralities of film-separated orifices capable of 
gas or solute transfer therebetween. Speci?cally this 
invention relates to a thin-walled permeable membrane 
whereby a gas or solute containing ?uid ?owing 
through a plurality of ?rst ori?ces transfers the gas or 
solute through the film of the membrane to a‘ second‘ 
?uid ?owing through a plurality of second ori?ces. 
This invention also relates to a method for manufac 

turing the fluid transfer membrane. Speci?cally, this 
invention‘also relates to a method for providing a thin 
walled permeable polymeric ?lm‘ forming membrane 
having a plurality of film-separated ori?ces. 
This invention also relates to the use of said mem 

brane in the treatment of blood. 
The term “permeable” as‘ used hereinbefore and‘ 

hereinafter throughout the speci?cation and claims re 
fers to gaseous or solute permeability depending upon 
the respective ?uid media ?owing in the ?rst and sec 
ond orifices. 
The term “oblong shaped” as used hereinbefore andi‘ 

hereinafter throughout the specification andtclaims re 
fers to a geometric con?guration having the shape of or 
approximating the shape of an elongated‘development‘ 
of a single-sided or multi-sided configuration. 
The term “thin-walled” as used‘ hereinbefore and 

hereinafter throughout the specification and claims‘re 
fers to a polymeric wall‘thickness of from about 1 to 
about 100 microns. Preferably the polymeric wall 
thickness is from about 1 to about 50 microns. Most 
preferably the polymeric wall‘is from about 5 to about‘ 
20 microns. Of course the desired wall thickness is re 
lated to the permeability of the ?uid~to~polymer and 
the designed‘structural integrity of the membrane. 
Various chemical, pharmaceutical and biomedical 

processes require permeable membranes for gaseous or 
solute exchange between‘?uids flowing on separate sur~ 
faces of the membrane. 
To ensure a‘ desirably high rate‘ of‘ transfer the gas 

permeable membrane must be thin so as to reduce 
membrane resistance. The desirably thin membrane 
must also be structurally secure to prevent rupture of 
the membrane during operation. Additionally and most 
desirably the ratio of effective gas transfer area per unit 
pressure drop across the membrane should large‘ to 
provide hightdegreesof transfer within limited operat 
ing spaces. 
The prior art in an attempt to‘solve the aforemen 

tioned problems sought to use hollow permeable ?bers 
whereby a first ?uid would ?ow through the hollow of 
the fiber and a second ?uid would ?ow around the 
outer surface of the hollow ?ber; there being gaseous 
or solute exchange through the fiber wall. One‘ of the 
major drawbacks inherent in this design is the limita 
tion of the type of polymeric ?lm to one which could 
be readily fiber-drawn and hollowed. 
To date no system has provided a single thin-walled 

polymeric film having a plurality of ?lm separated ?ow 
orifices, the first ?ow orifices defined by one surface of 
the film and‘ the second ?ow orifices de?ned by the 
other surface of the film wherein the film is gas or sol 
ute permeable. The selection of polymeric ?lm in the 
present invention is not so limited as in the aforemen 
tioned prior art design insofar as the plymeric composi 
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2 
tion of this invention need not be one readily fiber 
drawn. 
As stated, the invention described herein is a mem 

brane comprising a thin-walled permeable polymeric 
film having a plurality of two film-separated ?ow ori 
fices, the ?rstori?ces de?ned by one surface of the film 
and the second ori?ces de?ned by the other surface of 
the ?lm. ' 

More speci?cally the membrane of this invention 
comprises a thin-walled permeable polymeric ?lm hav 
ing a plurality of ?rst ori?ces circumscribed by the 
inner surfaces of oblong shaped‘ portions and by the 
outer surfaces of connecting “portions of said film join- 7 
ing the oblong shaped portions and having a plurality 
of second ori?ces circumscribed by the outer surface 
of said oblong shaped portions and by the inner sur 
faces of connecting portions of said film joining said 
oblong shaped portions at both ends thereof. 
As a depiction of a preferred embodiment of the ap 

paratus there is provided the following figures: 
FIG. 1‘ is a greatly enlarged fragmentary sectional 

oblique‘ view of the membrane of this invention. 
FIG. 2 is an isometric view of an assembled mem 

brane unit; the ori?ces shown disproportionately en 
larged. ' 

Referring speci?cally to FIG. 1, there is shown the 
membrane of a polymeric film 1 wherein the heavily 
shaded arrows represent a typical flow pattern for two 
?uids A and B, said ?uids being separated by the film 
1. 
Again referring speci?cally to FIG. 1, there is shown ‘ 

a polymerib film I having a plurality of first ori?ces 2 
(typical) said first orifices circumscribed by the inner 
surface 7 of oblong shaped portions (viz. frustum of a 
cone) 8 of said film 1 and by the outer surfaces of con 
necting portions 9 (typical) joining said cylindrically 
shaped portions 8 and having a plurality of second ori 
fices 3 (typical) circumscribed by the outer surface 4 
of‘ said cylindrically shaped portions 8 and by the inner 
surfaces 5 and 6 of connecting portions 9 of said film 
1 joining said oblong shaped positions 8 at both ends 
thereof. 

Referring to FIG. 2 there is shown the membrane 
held between retaining members 10 to demonstrate a 
typical single membrane unit. FIG. 2 depicts the mode 
in which the retaining members 10 ensure separation of 
the ?uid streams A and B. This typical membrane unit 
may be stacked in multiple units to provide any desired 
degree of fluid transfer. The membrane units may be 
arranged for series or parallel ?ow or combinations 
thereof as desired. ' 

For any given application, the number of oblong 
shaped flow ori?ces per square inch of membrane is 
generally from about 2,500 to about 90,000 in number, 
but may be more or less if desired. . 

At times it may be desirable to limit the number and 
location of the oblong shaped ori?ces to provide a de 
signed degree of structural integrity. 
As stated the membrane of this invention is broadly 

useful in chemical, biomedical and pharmaceutical 
?uid transfer operations. A specific example of such 
application is in the removal of toxic metabolites from 
blood and oxygenation of the blood, such as is the case 
in an arti?cal kidney or artifical lung operation. The 
membrane may be used for the exchange of oxygen and 
carbon dioxide in a blood stream so as to remove the 
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waste gaseous carbon dioxide and subsequently intro 
duce oxygen into the bloodstream. 
The membrane of this invention is peculiarly suited 

for gaseous transfer in a blood stream, speci?cally the 
red corpuscles therein. In a gaseous transfer in blood 
during an operation, it is believed necessary that the 
residence time of a red blood cell in a ?uid transfer 
membrane be minimized. By “minimization” it is 
meant that minimal period required to effect a gaseous 
transfer. To achieve this residence time minimization, 
it is necessary to have a membrane wherein the blood 
?ow ori?ces are small in diameter to ensure gaseous 
transfer in a one-pass operation while being large 
enough to permit ?ow without an excessive pressure 
drop across the membrane. 

It was known that the diameter of a red blood cell 
was about 8 to 9 microns. And it was determined that 
oblong shaped ori?ces of the membrane of this inven 
tion having diameters of from 10 microns to about 100 
microns with a oblong depth of from about 20 to about 
150 microns achieved the desired minimum residence 
time for red blood cells, in a one-pass operation. 

In oxygenation, blood ?ows through the oblong 
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shaped orifices while oxygen ?ows through the other ' 
orifices of the membrane of this invention. 
To remove carbon dioxide from the blood, the blood 

?ows through the oblong shaped ori?ces while a car 
bon, dioxide solution medium, such ‘as an inert gas, 
?ows through the other orifices of the membrane of 
this invention. 
The need for a reliable thin-walled membrane with a 

large transfer area per unit pressure drop across the 
membrane is thus self-evident. 
Another example of the usefulness of this invention 

is in the removal of noxious gases or solutes from pol 
luted waters. Large volumes of polluted water would be 
passed through a plurality of membranes with minimal 
loss of head. The noxious gases or solutes would pass 
through the film to the other orifices. 
Referring to FIGS. 1 and 2 it is noted that normally 

the A ?uid will be a liquid while the B ?uid will be a 
gas. This is simply because the unit pressure drop for 
the A fluid is generally less than that for the B ?uid. 
However A and B may be any two ?uids subject to gas 
or solute transfer therebetween. 
Many design modifications may be made to the mem 

brane without deviation from the scope or intent of this 
invention. 
The membrane of this invention may be of any per 

meable polymeric ?lm. 
Suitable permeable polymeric ?lm materials include 

thermoplastic homopolymers and copolymers. For ex 
ample the olefin polymers such as low density polyeth 
ylene and the like. 
Also included within this term are the ole?n copoly 

mers formed by the copolymerization of an ole?n 
monomer and one or more copolymerizable mono 
mers. Monomers which provide copolymers of out 
standing characteristics are the vinyl type copolymers. 

Illustrative of monomers and mixtures thereof which 
can be homopolymerized or copolymerized with an 
olefin monomer to form thermoplastic polymeric mate 
rials which can be utilized in accordance with the pres 
ent invention are the following: vinyl aryls such a sty 
rene, o-methoxystyrene, p-methoxystyrene, m 
methoxystyrene, o-nitrostyrene, m-nitrostyrene, o 
methylstyrene, p~methylstyrene, m-methylstyrene, p 
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4 
phenyl-stryrene, o-phenylstyrene, m-phenylstyrene, 
vinylnaphthalene and the like; vinyl and vinylidene ha 
lides such as vinyl chloride, vinylidene chloride, vinyli 
dene bromide and the like; vinyl esters such as vinyl ac 
etate, vinyl propionate, vinyl butyrate, vinyl chloroace 
tate, vinyl chloropropionate, vinyl benzoate, vinyl chlo 
robenzoate and the like; acrylic and alpha-alkyl acrylic 
acids, their alkyl esters, their amides and their nitriles 
such as acrylic acid, chloroacrylic acid, methacrylic 
acid, ethacrylic acid, methyl acrylate, ethyl acrylate, 
butyl acrylate, n-octyl acrylate, 2-ethylhexyl acrylate, 
n-decyl acrylate, methyl methacrylate, butyl methacry 
late, methyl ethacrylate, ethyl ethacrylate, acrylamide, 
N-methyl acrylamide, N,N-dimethyl acrylamide, meth 
acrylamide, N-methyl methacrylamide, N,N-dimethyl 
methacrylamide, acrylonitrile, chloroacrylonitrile, 
methacrylonitrile, ethacrylonitrile, and the like; alkyl 
esters of maleic and fumaric acid such as dimethyl ma 
leate, diethyl maleate and the like; vinyl alkyl esters 
and ketones such as vinyl methyl ether, vinyl ethyl 
ether, vinyl isobutyl ether, 2-chloroethyl vinyl ether, 
methyl vinyl ketone, ethyl vinyl ketone, isobutyl vinyl 
ketone and the like; also vinyl pyridine, N-vinyl carba 
zole, N-vinyl pyrrolidine, ethyl methylene malonate 
and the like. 
Preferred copolymers are styrene and the ethylene 

copolymers such as ethylene/ethyl acrylate, ethylene/ 
vinyl acetate, ethylene/vinyl chloride, ethylene/acrylic 
acid, and the like. 
Also included within the term olefin polymers are the 

blends of ole?n polymers with other polymers. Illustra 
tive of such blends are polyethylene with polypropyl 
ene, low density polyethylene with high density poly 
ethylene, polyethylene with ole?n copolymers such as 
those indicated above,for example, ethylene/acrylic 
acid copolymer, ethylene/methyl acrylate copolymer, 
ethylene/ethylacrylate copolymer, ethylene/vinyl ace 
tate copolymer, ethylene/acrylic acid/ethyl acrylate 
terpolymer, ethylene/acrylic acid/vinyl acetate terpoly 
mer, and the like. 
Other suitable materials include polyvinyl alcohol 

;ethylene oxide graft copolymers; cellulose esters; para 
xylene polymers, reconstituted collagen, silicone poly 
mers and copolymers,and like materials. 
The preferred permeable polymeric ?lm materials 

are para-xylene polymers and polyethylene. ‘ 
The thickness of the polymeric ?lm is generally from 

about 1 micron to about 100 microns. Preferred film 
thickness generally is from about l micron to about 50 
microns. However, the film may be of any desireable 
thickness depending upon the particular application, as 
previously stated. 
The oblong shaped ori?ce may be of any desired di 

ameter or diameters generally in the range of from 1 
micron to 100 microns. For most applications the range 
is from about 10 microns to about 50 microns depend 
ing upon the particular application. 
As stated, the term “oblong shaped” refers to a geo 

metric configuration having the shape of or approxi~ 
mating the shape of any oblongated development of 
any single-sided or multi-sided con?guration. For ex 
ample the oblong shape may be a cylinder, a frustum 
of a cone, a frustum of a pyramid, or a frustum of any 
multi-sided oblongated surface and the like. Generally 
the oblong shape will be cylindrically shaped or in a 
more speci?c case the frustum of a cone, but may be 
of any desired ori?ce con?guration. 
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The method of manufacture for the membrane of this 
invention comprises the sequential steps of: 

a. coating a removable plate with a photoresistive 
chemical; 

b. placing a mask selected from template, positive 
transparency or negative transparency, having atplural 
ity of opaque or translucent regions, over said photore 
sistive coating; 

c. exposing the mask to a radiant energy source; 
d. removing the mask; 
e. developing the photoresistive material to provide 

unprotective portions coincident with said regions; 
f. removing plate material to form a template having 

a plurality of oblong shaped orifices coincident with the 
regions; 

g. coating the template surfaces, with a permeable 
polymeric film composition; 

h. exposing at least one end‘surface of the template; 
and 

i. removing the template material; so that the‘remain 
ing polymeric film‘ de?nes the membrane. 

Suitable removable plate materials include any mate 
rial that is capable of being etched, dissolved, melted, 
washed-out, vaporized, physically reducedlto small par 
ticles or by any means whereby a‘ normally solid plate 
is physically and/or chemically structurally altered to a 
removable form. 
For example the removable plate may be a metal ca 

pable of being etched‘. . 
Suitable etchable plate materials are aluminum, 

brass, copper, ferrous metals, zinc metals, and'the like 
and alloys thereof. 

Suitable etchants include inorganic acids, inorganic 
acid salt solutions, aqua regia and the like. 
As stated the plate material may be any material ca 

pable of being removed by physical and/or chemical 
means without attacking the polymeric ?lm material. 
For example the plate material‘may be a low molecu 

lar weight soluble polymer and‘ may be dissolved out 
(‘such as in the case of polyethylene glycol). Or the 
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plate material may be allow melting polymer vis a vis , 
the film material and may be preferentially melted out. 
Also the plate material may be a low melting alloy or 

eutectic alloy such as Wood‘s metal in which case the 
plate maybe melted-out. 
Also the plate may be composed of salts and‘minerals 

in which case the plate may be washed out or dissolved 
out. 

The plate material may be a wax such as the paraffin 
waxes or beeswax in which case the wax may be selec 
tively melted out. 
Additionally the plate may be a glass subjected to 

breakage and/or hydro?uoric etching for removal 
thereof. ‘ t 

The mask may be a transparency or a template. In the 
case of the transparency there will be a plurality of 
opaque regions or dots defining the location and shape 
of the oblong shaped orifices of the membrane orifices. 
In the case of the template having a plurality of ori?ces, 
the orifices define the location and shape of the oblong 
shaped orifices of the membrane. 
The photoresistive material may be positive or nega 

tive acting, in one case the mask will be a template or 
positive transparency, while in the other case the mask 
will be a negative transparency. In any event those re 
gions of the removable plate coincident with the dots 
or orifices will be removed so as to form a template. 
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6 
The radiant energy source may be any suitable light 

source such as a carbon are or incadenscent or ?uores 
cent light source. ‘ 

The process step of coating the template with the 
polymeric material may be accomplished by any suit 
able coating operation such as dipping, electro 
depositing, vapor-depositing, ?owing, spraying, wiping, 
solution coating, emulsion coating, suspension coating, 
dispersion coating, powder coating and like methods. 

In addition there are several other methods for form 
ing porous membranes such as asymmetrical mem 
branes. For example by?rst swelling a thermoplastic 
polymer with a swelling agent and‘then coagulating the 
swollen ?lm with a de-swelling agent which is miscible 
with the swelling agent but immiscible with the polymer 
and thereafter drying the film, there is formed a forami 
nous permeable ?lm. Other known membrane film 
forming techniques are also within the contemplation 
of this invention. 
The following is an example of the method of manu 

facture for the ?uid transfer membrane of this inven 
tion. ‘ 

EXAMPLE 

A Z‘mil‘brass shim stock was coated with Kodak KPR 
(‘a trade name of the Kodak Co. Rochester, New York‘) 
.photoresist. The coated shim stock was covered with a 
Type A By-Chrome 150 dots per inch screen tint mask, 
which mask served as a negative. The masked and 
coated shim stock was placed in a vacuum frame and 
exposed to a carbon arc. The mask was then removed. 
The photoresistive coated brass shimstock was placed. 
in a developing medium for the Kodak KPR photore 
sistive rendering the light struck areas insoluble. 
The shim‘ stock was then removed by etching in an 

ammonium persulfate bath thereby removing that ma 
terial coincident with the dots so as to form a template 
having a plurality of cylindrically shaped holes. 
The template was then dip coated by vapor deposi 

tions with polyparaxylylene. After coating the shim 
stock was cut‘ at the edges to expose the brass metal. 
The brass metal shim was then removed by etching in 
an ammonium persulfate solution which solution did 
not attack the polyparaxylylene.The resultant film de 
fined a ?uid‘transfer membrane. 
The above example'was repeated with the polypa 

raxylylene being vapor deposited in lieu of dip coating. 
The resultant membrane was again achieved. 
What is claimed is: 
1. A ?uid transfer membrane comprising a perme 

able polymeric ?lm having a wall thickness of from 
about 1 micron to about 100 microns and a plurality of 
first‘ eri?sea?aiiiitstqificss circumssribed by the 
inner surfaces of oblong shaped portions of said film 
and by the outer surfaces of connecting portions of said 
film joining said oblong shaped portions and having a 
plurality of second ori?ces circumscribed by the outer 
surfaces of said oblong shaped portions and by the 
inner surfaces of connecting portions of said film join 
ing said oblong shaped portions at both ends thereof. 

2. A method for the manufacture of a ?uid transfer 
membrane comprising a thin walled permeable poly 
meric film having a plurality of first orifices circum~ 
scribed by the inner surfaces of oblong shaped portions 
of said film and by the outer surfaces of connecting‘ 
portions joining said oblong shaped portions and hav 
ing a plurality of second orifices circumscribed by the 
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outer surfaces of said oblong shaped portions and by 
the inner surfaces of connecting portions of said ?lm 
joining said oblong portions at both ends thereof, which 
method comprises the sequential steps of: 

a. coating a removable plate with a photoresistive 
chemical; 

b. placing a mask selected from a template, a positive 
transparency or a negative transparency, with a 
plurality of opaque or translucent regions over said 
photoresistive coating; 

c. exposing the mask to a radiant energy source; 
d. removing the mask; 
e. developing the photoresistive material to provide 
unprotective portions of said plate coincident with 
said regions; 

f. removing plate material to form a template having 
a plurality of oblong shaped ori?ces coincident 
with said regions; 

g. coating the template surfaces with a permeable 
polymeric ?lm composition; 

h. exposing at least one end surface of the template; 
and 

i. removing the template material; so that the remain 
ing polymeric film defines said membrane. 

3. A method for the manufacture of a ?uid transfer 
membrane comprising a thin-walled gas permeable 
polymer ?lm having a plurality of first ori?ces circum 
scribed by the inner surfaces of oblong shaped portions 
of said film and by the outer surfaces of connecting 
portions joining said oblong shaped portions and hav 
ing a plurality of second orifices circumscribed by the 
outer surface of said oblong shaped portions and by the 
inner surfaces of connecting portions of said film join 
ing said oblong portions at both ends thereof, which 
method comprises the sequential steps of: 

a. coating an etchable plate with a photo-resistive 
chemical; 

b. placing a negative with a plurality of opaque re 
gions over said photoresistive coating; 

0. exposing the negative to a radiant energy source; 
d. removing the negative; 
e. developing the photoresistive material to provide 
unprotective regions coincident with said opaque 

_ regions; 

f. etching the plate with an inorganic acid to form a 
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8 
template having a plurality of oblong shaped ori 
fices coincident with the opaque regions; 

g. coating the template surfaces, circumscribed by 
the inner surface of the oblong shaped ori?ces and 
by the outer surface of the joining portions, with a 
permeable thermoplastic polymeric ?lm composi 
tion; 

h. cutting the coated template to expose the end sur 
faces of the template; and 

i. etching the template with an inorganic acid to re 
move the template material; so that the remaining 
polymeric ?lm de?nes said membrane. 

4. A method for the manufacture of a fluid transfer 
membrane comprising a thin walled gas permeable 
polymer ?lm having a plurality of ?rst orifices circum 
scribed by the inner surfaces of cylindrically shaped 
portions of said ?lm and by the outer surfaces of con 
necting portions joining said cylindrically shaped por 
tion and having a plurality of second ori?ces circum 
scribed by the outer surface of said cylindrically shaped 
portions and by the inner surfaces of connecting por 
tions of said ?lm joining said cylindrical portions at 
both ends thereof, which method comprises the se 
quential steps of: 

a. coating an etchable plate with a photo-resistive 
chemical; 

b. placing a negative with a plurality of dots over said 
photoresistive coating; 

c. exposing the negative to a radiant energy source; 
d. removing the negative; 
e. developing the photoresistive material to provide 
unprotective regions coincident with said dots; 

f. etching the plate to form a template having a plu 
rality of cylindrically shaped orifices coincident 
with the dots; 

g. coating the template surfaces, circumscribed by 
the inner surface of the cylindrically shaped ori 
fices and by the outer surface of the joining por 
tions, with a gas permeable polymeric film compo 
sition; 

h. exposing the end surfaces of the template; and 
i. etching the template to remove the template mate 

rial; so that the remaining polymeric film defines 
said membrane. 

* * * '* * 
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